Composites Properties a b s t r a c t
Introduction
Environmental conditions and search of new materials are motivating researchers, scientists, and engineers to propose more modern and biodegradable materials for automotive, aerospace, construction, marine and packaging applications.
properties were determined. It was concluded that composites reinforced with 5% of NaOH-treated fiber and 5 wt.% of nanoclay exhibited higher tensile, flexural and impact strengths of 103.05 MPa, 162.8 MPa and 0.35 8 kJ/mm 2 respectively and lower water absorption rate [4] . Jothibasu et al. investigated the stacking sequence effect of areca sheath fibers and jute fibers on the mechanical properties of the pure and hybrid epoxy composites. It was shown that jute fibers with core layer of areca sheath fibers showed higher tensile, flexural, impact and compression strength compared to pure and other hybrid composites [5] . Sathishkumar et al. worked on sisal and cotton reinforced polymer matrix composites. It was shown that if content of lamina increases, there was an increase in the mechanical and damping properties [6] . Sepea et al. studied on treated and untreated hemp fiber, and analyzed characteristics of composites using Fourier transform infrared spectroscopy and scanning electron microscopy, and mechanical test. It was shown that the treatment of hemp fibers improved properties of the composites [7] . Kaur with less porous and voids area compared to pure composites. While 3OPEFB:7SCB hybrid composites showed lower water absorption and thickness swelling after 24 h analysis [14] . Sezgin and Berkalp investigated on jute fiber and that fiber was reinforced with carbon and glass fiber, incorporating high impact resistant fibers to the outer layers of the composites leads to higher impact resistance, and placing high tensile strength fibers at the inner layers results in higher tensile strength at the hybrid composite laminates [15] . Vinod et al. worked on jute reinforced epoxy composites and there composites were also filled with Calotropis gigantea stem powder, the results revealed that the composites with Calotropis gigantea stem powder showed higher mechanical and thermal properties compare to other [16] . Yu et al. studied on ramie based polylactic composites, water absorption and hygrothermal behavior were observed, and Ramie/PLA composites showed higher saturation weight gains and diffusion coefficients [17] . Arpitha et al. studied on sisal glass epoxy-based hybrid composites; the results showed that filler material can reduce the voids and can increase the physical properties [18] . Sanjay and Yogesha stated that green materials are most widely used research topics in recent years because they are environmentally friendly, low cost and have better mechanical properties [19] .
The present scenario has concerned about the use of naturally available materials to replace synthetic materials, so this work has a concern about natural fiber-reinforced composites and the use of new kinds of plant fibers as reinforcement of polymer composites. So the main objective of this study is to evaluate the mechanical properties and characterization of vetiver grass fiber and kenaf fiber reinforced epoxy based hybrid composites
Materials
Vetiver (Chrysopogon zizanioides) grass fiber and kenaf fibres usually grow in the regions of India, Bangladesh, China, Nepal, and Thailand were taken for fabrication of laminates. The commercially available epoxy resin LY556 and an amine-based hardener HY951 were used as the matrix system for preparing the composite specimens. Preparation of die was done by coating it with polyvinyl alcohol. Fig. 1 shows the morphology of the vetiver fibre and kenaf fiber. Fig. 1(a) and (b) shows higher roughness; it increases the bonding area between the fibre and matrix leading to improve the mechanical properties of the composites.
Fabrication of composites
The composites were developed by hand lay-up process. The preparation of mold was done by coating it with polyvinyl alcohol and allowing it to dry in the hot sun. To develop C1 composite, 30% of vetiver grass fibers were taken and evenly dispersed in a die of size of 300 mm × 300 mm × 5 mm. Then the epoxy resin was mixed with hardener in the ratio 10:1, and 70% were considered and filled in the mold which already contains the above fibers mixture. Finally, a weight of 25 kg was placed over it and left for curing in the room temperature conditions for 24 h. In the case of C2 composite, 22% of vetiver grass fibers were mixed with 7.5% of kenaf fibers, C3 composite was made of 30% kenaf fibers, C4 composite of 22.5% kenaf fiber and 7.5% vetiver fiber. In C5 composite consisted of 15% kenaf fibers and 15% vetiver fibers. In this work, the mechanical properties like tensile, flexural, compression and energy absorption properties were also determined to suggest the possibilities of eco-friendly hybrid composites for day to day applications.
Testing methods
Mechanical properties were analyzed for composites according to ASTM. The five samples were analyzed, and consistent results were reported for each test. Tensile tests were performed using the universal servohydraulic test machine (Model No: UTES-40, Brand: Fuel Instruments & Engineers Pvt. Ltd.) with a maximum capacity of 400 kN by ASTM D 638-14 with a loading speed of 2 mm/min. The specimen was cut to the shape of dog bone that had dimensions 165 mm × 19 mm, and the length of the middle section was 57 mm. The samples were kept between the UTM clamps, and the load was increased until a fracture occurred. Flexural tests were carried out following ASTM D790-10 using the universal testing machine with model and manufacturing, as indicated above with a loading speed of 2 mm/min. cut in 15 mm × 15 mm with a diamond cutter, pulverized with conductive material (gold), and then analyzed in scanning electron microscopy (SEM) of Tescan VEGA 3LMU, Czech Republic to study the various morphologies of the specimen tested.
Results and discussions

Tensile properties
Tensile test for the three different sequences and pure vetiver fiber and kenaf fiber reinforced epoxy composites are performed and the tensile strength properties are shown in Fig. 2 . It was observed that C3 composite possess higher tensile properties of 40 MPa compared to C1 because of reduced strength of vetiver grass fiber-reinforced composites, C3 composites were made of pure kenaf fiber and it is showing higher tensile properties. In between it is observed that hybridization effect of composite C4 of 22.5% kenaf fiber and 7.5% vetiver fiber also showing improved tensile results. From the other view it was noticed that composites made of kenaf fiber are showing excellent tensile properties compared to the composite made of vetiver fiber because of poor tensile strength of vetiver fiber [20] [21] [22] [23] [24] . Fig. 3 shows the effect of fiber content and epoxy on the flexural properties of vetiver fiber and kenaf fiber reinforced epoxy composites. C3 composites show the increasing trend. It is clear that the C3 composite possesses higher flexural properties compared to C1 because of poor strength of vetiver fiber reinforced composites, increased properties because of pure kenaf fiber, and it is also because of cohesive forces exerted in between the fiber. Percentage improvement in flexural properties between the volume fractions of 30% kenaf fiber, and composite of 22.5% kenaf fiber and 7.5% vetiver fiber. C1 composite shows poor flexural strength because of poor flexural properties of vetiver grass fiber and it is made of altogether 30% of vetiver grass fibers and epoxy [25] [26] [27] [28] . Fig. 5 shows impact resistance of the composite laminates. It is seen that the composite laminate with kenaf fiber showing more impact resistance while vetiver fiber shows less. The effect of hybridization is examined, and it is seen that that composite C3 has the highest value of 11 J, while C1 has the lowest value of 4 J. Besides it is observed that although there is no much difference between other laminates but composite made of kenaf fiber showing good results compared to vetiver fiber. This unusual performance of composite laminates is because of void fractions, sudden impact, and mechanics of the sliding behavior of the laminates [31, 32] .
Flexural properties
Compression properties
Impact strength
Morphology studies
Scanning electron microscopy study is carried out to study the fractured surfaces of tensile, flexural, compression and impact tested specimens. Fiber pull out, and voids are observed due to fibre pull-out and fibre debonding. It is because of untreated poor adhesion between the kenaf, vetiver and epoxy matrix [33, 34] . It is also observed that the fiber failure mode gives an indication of good load transfer through fibers and matrix; it is shown in Fig. 6 .
Conclusions
In this work, the mechanical properties like tensile, flexural, compression and energy absorption properties were determined to suggest possibilities of eco-friendly hybrid composites for various day to day applications. From the results, it was noticed that the composites made of kenaf fiber showed good tensile properties compared to the composite made of vetiver fiber because of poor tensile strength of vetiver fiber. It was observed that C3 composite possessed higher mechanical properties when compared to all other composites. It was also observed that the fiber failure mode gives an indication of good load transfer through fibers and matrix. In future, these composites can be used when cost reduction is the prime consideration and for semi-structural applications. These composites may be suggested in potential applications like roofing sheets, bricks, door panels, furniture panels, interior paneling, storage tanks, pipelines, bath units, chairs, lampshades, partitions, roof, suitcases, trays, tables, and manufacturing of car doors, car interiors, dash boards, headliners, decking, parcel shelves, pallets, spare tyre covers, spare-wheel pan, seat backs, etc.
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